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ABSTRACT. This paper discusses the  r e s u l t s  of an inves t iga t ion  
of t h e  d i f fuse  s tar  c l u s t e r s  NGC 1502, NGC 2422, NGC 7380, 
NGC 7788, and 7790. Three cr i ter ia  a r e  used i n  determining 
whether a s ta r  is a c l u s t e r  member. These cr i ter ia  are: 

1. the  pos i t i on  of t h e  s ta r  i n  the  co lo r - s t e l l a r  

2. its pos i t i on  i n  the  two-color diagram, c(U - B ) ,  

3. t h e  s ta r ' s  proper motion. 

magnitude diagram, [ V ,  ( B  - V ) ] ;  

( B  - V)]; 

The proper motion c r i t e r i o n  w a s  applied by means of Ebbighausen's 
method. In those cases where the  i n t e r s t e l l a r  absorption w a s  
found t o  vary from point  t o  point  across  a c l u s t e r ,  the  individ-  
ua l  co lor  excesses of the  stars were considered. 

Basing h i s  work on the  above c r i te r ia ,  the  author found 
t h a t  38 s t a r s  w e r e  d e f i n i t e  members of the  c l u s t e r  NGC 7788. 
For the  c l u s t e r  NGC 7790, 30 stars s a t i s f i e d  the  three c r i t e r i a  
f o r  c l u s t e r  membership. A Cepheid va r i ab le ,  CF C a s ,  and an 
ec l ips ing  va r i ab le ,  QX C a s ,  w e r e  found t o  be members of t h i s  
c lus te r .  The c l u s t e r  NGC 2422 w a s  found t o  have 45 d e f i n i t e  
members, one of which is a g ian t  s t a r .  In 'the case of t he  
c l u s t e r  NGC 1502, 35 stars w e r e  found t o  be members. F ina l ly ,  
i n  the  case of the  c l u s t e r  NGC 7380, 25 stars turned out t o  be 
d e f i n i t e  c l u s t e r  members. 

motions and tangent ia l  ve loc i t i e s  of these c l u s t e r s  corrected 
f o r  the s o l a r  motion. Then using the  known r a d i a l  v e l o c i t i e s ,  
the  t o t a l  space pecul ia r  ve loc i t i e s  of the  c l u s t e r s  i n  question 
w e r e  calculated.  

In addi t ion  the  author ca lcu la ted  the  absolute  proper 

In  the  present  paper the  r e s u l t s  a r e  presented f o r  an inves t iga t ion  of 

t he  d i f fuse  s C a r  c l u s t e r s  NGC 1502, NGC 2422, NGC 7380, NGC 7788, and NGC 

7790 as w e l l  as t h e i r  proper motions determined on the  bas i s  of a catalogue 

of proper motions of t he  s t a r s  of these c l u s t e r s  and i n  t h e i r  v i c i n i t y  C1-31. 
In  the  regions of t he  c l u s t e r s  NGC 7788 and NGC 7790 the  proper motions of the  

stars w e r e  first determined by the author of the  present  paper. The proper 

motions of 146 stars i n  the  region of t he  c l u s t e r  NGC 1502 w e r e  determined 
--- - ~ ._ - ~ - - -_ 
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previously by Hopmann [4]. 

w a s  obtained with various instruments,  which na tu ra l ly  a f fec ted  the  accuracy 

of t he  r e su l t s .  In  t h e  region of the  c l u s t e r  NGC 7380 t h e  proper motions of 

t h e  stars w e r e  determined by L i  Hen [ 5 ] ,  but i n  h i s  paper there  is no list of 

t h e  members of t he  c l u s t e r  and the  proper motion of t h e  c l u s t e r  w a s  not  deter-  

mined. 

However, t h e  observat ional  material used by him 

The proper motions of 2942 s t a r s  t o  the  16th photographic magnitude are 

presented i n  papers El-31 i n  the  f i v e  regions of the  sky containing the  in-  

vest igated s te l la r  c lus t e r s .  A l l  f i v e  c l u s t e r s  are provided with three-color  

photometric da ta  determined by Sandage (NGC 7799), Becker (NGC 7788), and 

Hoag and o thers  (NGC 2422, NGC 1502, NGC 7380). 

Method of s e l e c t i o n  of the  s te l la r  members of a c lus t e r .  The method of 

s e l ec t ing  members of a c l u s t e r  from the  stars of the  background plays a s ign i -  

f i c a n t  r o l e  i n  determining the  proper motions of a d i f fuse  s ta r  c l u s t e r ,  s ince  

even i n  the  cen t r a l  p a r t s  of these c l u s t e r s  a s i g n i f i c a n t  number of background 

stars can be projected.  

A t  present  t he  choice of the members of a c l u s t e r  is ca r r i ed  out with the  

a i d  of proper motions and photometric c h a r a c t e r i s t i c s  of t he  s t a r s  i n  a given 

region of the  sky. Although many s ta r  c l u s t e r s  have been thoroughly inves t i -  

gated photometrically,  t he  same cannot be s a i d  regarding t h e i r  proper motions. 

To car ry  out the  s e l e c t i o n  of the  members of a c l u s t e r  w e  used a method worked 

out a t  t he  Pulkov Observatory [20]. 

According t o  t h i s  method, the  membership of each s tar  i n  a c l u s t e r  is 

determined on the  bas i s  of th ree  c r i t e r i a :  t he  c r i t e r i o n  of proper motions 

and two photometric c r i t e r i a  f o r  which the pos i t ion  of a s t a r  i n  the  color-  

s te l la r  magnitude diagram [ V ,  ( B  - V ) ]  and i n  the  two-color diagram [(U - B ) ,  

( B  - V ) ]  serve. 

The method proposed by Ebbighausen E61 is used t o  exh ib i t  the  membership 

of a s tar  i n  the  c l u s t e r  based on its proper motion; i n  addi t ion ,  i n  the  case 

of s e l ec t ion  i n  regions of t he  sky where the  value of the i n t e r s t e l l a r  absorp- 

t i o n  var ies  from poin t  t o  poin t  w e  included the  individual  co lor  excesses of 

the  stars. 

It is known from papers [7,8] t h a t  i n  the  regions of the  sky containing star 
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clusters NGC 7788, NGC 7790, and NGC 2422 the interstellar absorption is a 

constant. 

stellar magnitude diagram [V, 

( B  - V)] without taking into account the individual color excesses of the 
stars: 

giant regions were taken as probable cluster members. 

Therefore for each of these regions they constructed a color- 

(B - V)] and a two-color diagram [(U - B ) ,  

the stars situated on the main sequence or in the giant and super- 

For stars in regions of the sky with the stellar clusters where the 

interstellar absorption is not constant and for stars which have UBV photo- 

metry they first found V and the color index ( B  - V) corrected for reddening 
and the total interstellar absorption of light and then constructed from them 

the color-stellar magnitude diagram. Thereupon they calculated the value of 

the total interstellar absorption in the V region from the formula 

A = 3E 
V ( B  - V)' 

where 

E ( B  - v)  is the color excess in the (B - V )  color index. 

In contrast to the observed V and ( B  - V ) ,  the values corrected for reddening 

and total interstellar absorption of light are denoted as Vo and ( B  - VIo.  

They carried out the selection of cluster members from the [Vo, ( B  - V),] 

diagram and the individual color excesses of the stars. They did not consider 

the star as a probable cluster member if its color excess stood out sharply 

among the color excesses of the stars closest to it, differing from the average 

value of the color excesses by an amount larger than the amplitude of variation 

of E over the total area of the cluster. (B - V )  

With the aid of cluster members thus selected they carried out the final 

selection of the stars of the cluster. For this, according to Ebbighausen, 

they constructed a vector diagram from the components of the proper motions of 

the selected stars. 

Then as is well known, the members of the cluster should form a compact group 

around some point whose coordinates evidently should correspond to the average 

value of the proper motions of all the stars of this group. For selection of 

the cluster stars in the first approximation by proper motion of the cluster 

we assume the coordinates of this point, then describe around it three concentric 

circles having radii corresponding to r - 6, r2 = 20, 1 -  

Along the X-axis they plotted p and along the Y-axis, py. 
X' 

2 6  
r3 = 
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(a is t h e  mean square e r r o r  of a s ing le  proper motion of a s tar) .  

The stars whose proper motions corresponded to poin ts  within the  first 

circle w e r e  considered t o  be the  most probable c l u s t e r  members; the  stars 

corresponding t o  poin ts  located between t h e  first two circles w e r e  considered 

probable members of t he  c lus t e r s .  And f i n a l l y  the  stars whose proper motions 

corresponded t o  poin ts  s i t u a t e d  between the  second and t h i r d  circles w e r e  con- 

s idered  as probably belonging t o  the  background. Evidently a l l  stars whose 

proper motions i n  the  vector  diagram corresponded t o  poin ts  located beyond the  

l i m i t s  of t he  circle of rad ius  r - 2 6 0 ,  should belong t o  the  background. 3 -  
The appl ica t ion  of both methods of s e l ec t ion  gave us the  p o s s i b i l i t y  of /5 

more ce r t a in ly  dis t inguishing c l u s t e r  members. 

Clusters  NGC 7788and NGC 7790. The c l u s t e r s  i n  quest ion are projected on 

the  c e l e s t i a l  sphere not fa r  from one another. On a photograph taken with a 

normal astrograph the  dis tance between centers  of these  c l u s t e r s  w a s  equal t o  

14 mm. Their equator ia l  coordinates a re  the  following (epoch 1950.0): 

h m  

h m  
f o r  NGC 7788, we have Q = 23 54.2, 6 = + 610071, 

f o r  NGC 7799, we have Cy = 23 55.9, 6 = + 60'57'. 

The proper motions of the s t a r s  of these c l u s t e r s  are indicated i n  the  paper [l]. 

The accuracy of the  proper motions of the  s t a r s  is character ized by t h e i r  

probable e r rors .  For the  c l u s t e r s  i n  question they are: 

= +0!'0018 and E = +0!'0020 
Y 

The observational mater ia l  f o r  t he  regions under discussion is given i n  Table 1 

of the  paper [l]. 

The photometric da ta  of t he  stars i n  the  region of the  c l u s t e r  NGC 7788 are 

contained i n  the  papers C8-io and others]. K.A.  Barkhatova [9] presents  the  

r e s u l t s  of photographic determinations of V and ( B  - V )  f o r  98 stars and (U - B) 
f o r  24 stars. I.E. Alekseyev [lo] determined from photographs obtained a t  t he  

Shternberg Astronomical I n s t i t u t e  photographic magnitudes f o r  113 stars and t h e i r  

connection with the  B system i n  the  region of the  d i f fuse  s ta r  c l u s t e r s  NGC 7788 

and NGC 7790. A s  a standard f o r  obtaining the  photographic magnitudes of the  

s t a r s  he used 40 s t a r s  from the region of NGC 7790, whose magnitudes were deter-  

mined by Sandage [ll] as a r e s u l t  of photographic and photoe lec t r ic  observations 
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on the  UBV system. 

Three-color photometry on the UBV system f o r  stars i n  the  region of t h e  

c l u s t e r  NGC 7788 w a s  ca r r i ed  out by Becker c81. In  a l l  he measured 113 stars 

of which accurate  three-color photometry was ca r r i ed  out f o r  63 stars ( the  

remaining 50 w e r e  too f a i n t  t o  obtain u l t r a v i o l e t  magnitudes). On the  bas i s  

of these measurements Becker ca r r i ed  out a s e l e c t i o n  of c l u s t e r  members from 

the  background stars. A s  a r e s u l t  60 s t a r s  appeared t o  be members and two 

stars, doubtful members of t he  c lus te r .  In addi t ion ,  t he  constancy of the  

value of the  i n t e r s t e l l a r  absorption was es tab l i shed  by him. Below are pre- 

sented some da ta  from t h i s  paper,  where the  t r u e  dis tance modulus, i.e. 

corrected for the  e f f e c t  of reddening and t o t a l  i n t e r s t e l l a r  absorption, is 

denoted by ( m  - M); the  dis tance from the sun i n  parsecs by R ,  and the average 

co lor  excess i n  t h e  region of the  c l u s t e r  by E ( B  - V ) '  

m - M  R E ( B  - v)  Cluster  diameter D i a m e t e r  of the  nucleus 
apparent l i n e a r  apparent 1 inear  

11% 1 2410 Oy28 9'  6-3 PC 3 '  2.1 pc 

W e  measured 67 s t a r s  from Becker's list (46 f a i n t  s t a r s  were not obtained 

on our photographs). The c o l o r - s t e l l a r  magnitude diagram is shown i n  Figure 1 

and i n  Fjgure 2 ,  the  two-color diagram f o r  members of t he  c l u s t e r  NGC 7788 based 

on the  photometric da ta  of Becker. The [ V ,  ( B  - V ) ]  and c (U - B ) ,  ( B  - V ) ]  

diagrams a re  constructed f o r  the  67 stars measured. According t o  t h e i r  pos i t ion  

19 s t a r s  deviate  s i g n i f i c a n t l y  from the  main sequence. 

Thus according t o  the  photometric c r i t e r i o n ,  48 stars can be taken t o  be 

probable members of the  c lus t e r .  Among them w e  ca r r i ed  out t he  se l ec t ion  of 

c l u s t e r  members by Ebbighausenls method [6]. The vector  diagram is given i n  

Figure 3 ,  where the  r a d i i  of the  three  concentr ic  circles were obtained as  

follows : 

ri = 010040, r2 = 0:0056, r3 = 0:0079. 

As a r e s u l t  of the  s e l e c t i o n ,  it w a s  c l e a r  t h a t  on the  bas i s  of proper 

motions only 38 stars could be c l u s t e r  members. S t a r s  69 and 108 (numbers 

according t o  Becker) deviated considerably from the  main sequence on the 
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V 

sal 

[(U - B ) ,  (B  - V I ]  diagram, although on the  

CV, ( B  - V ) ]  diagram and the  vector  diagram 

one could assign them a s  c lus t e r  members with 

assurance, The (U - B) color  ind ices  of these  

.. . .  . .. . .  
* . .  . 

.*:I :. 150 "i - .. * . 

stars are probably determined with in su f f i c i en t  

accuracy. On t h i s  assumption w e  incorporated 

them i n t o  the  list of c l u s t e r  members (Table 1). 

The remaining 10 stars (28, 39, 42, 47, 52, 53, 
74, 95, 102, and 110) according t o  the  proper 

motion c r i t e r i o n  cannot be c l u s t e r  members. 
16 

In Table 1 the  number of t he  stars according 

t o  Ishmukhamedov's catalogue [l] are denoted by 

No. the  number i n  J3ecker's catalogue C81 by 

 NO.^; m 

00 +OZ +ob +a6 +ai 6-y 

I' Figure 1. 

is the  photographic s te l la r  magnitude 
I 

from the paper [ l ] ;  m is the  photovisual magnitude: C I  is the  co lor  index; B B 
a r e  the  annual proper motion. The proper motions of t he  stars are pre- px' py 

sented i n  t h i s  paper t o  four  decimal places  without rounding off .  Therefore 

i n  what follows we w i l l  use t h e  proper motions of t h e  stars without rounding off .  

The probable members of t he  c l u s t e r  NGC 7788 are given i n  Table 2. 

The stars located within the  l i m i t s  of t he  apparent boundaries of t he  c l u s t e r  

which according t o  the  proper motion c r i t e r i o n  can be c l u s t e r  members are entered 

here. These stars a re  denoted by c i r c l e s  on Figure 3. 

The r e l a t i v e  proper motion of the  c l u s t e r  NGC 7788 is obtained as  the  average 

value of p and p of the  d e f i n i t e l y  se l ec t ed  c l u s t e r  members, i.e. s t a r s  

included i n  Table 2. It turned out t o  be: 
X Y 

- 
m I-L 

Y 
n 

-0!'0002 38 
+o 20003 

where 

- 
m is the  average s t e l l a r  magnitude of t he  c l u s t e r  members; 

n is the  number of c l u s t e r  members; and the  probable e r r o r s  of 

and p a re  shown under t h e i r  values. 
px Y 
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They w e r e  determined from the  deviat ions from the  average value of t he  proper 

motions of the  c l u s t e r  ca lcu la ted  from separa te  p a i r s  of plates .  

Sandage [ll] ca r r i ed  out  photometry on the  UBV system of the  s t a r s  i n  the  

region of the c l u s t e r  NGC 7790 with the  a i d  of photoe lec t r ic  and photographic 

observations. H e  determined U ,  B ,  and V magnitudes f o r  22 stars and B and V 

f o r  78 stars. According t o  t h i s  work the  i n t e r s t e l l a r  absorption i n  the  region 
m occupied by the  c l u s t e r  has a constant value equal on the  average t o  A = 1.56. 

/7 

- 
V 

4 2180 
U - 8  

- 1 3  , 

0 .--a .\4:.--,. 

+zo 410 11 -. ‘\\ .* *e.- -\. .I.._ \ 

1 1 . 1 . .  1 L .  .A I I L 1 I . .  . . . I I 

~ O ’ O r O P  

Figure 2. Figure 3. 

0 t IO tzmo e-v 

the  ( B  - V ) ’  In addi t ion ,  f o r  seven stars of t he  c l u s t e r  i n  quest ion he gives  E 

individual  co lor  excesses,  M ( S  1, the  spectroscopic absolute s t e l l a r  magnitude, 

( m  - MI, the  apparent dis tance moduli, and S the  spec t r a l  type (Table 3) .  
V P  

P’ 

The r e s u l t s  of a discussion based on UBV photometric data  for 106 d i f fuse  

s tar  c l u s t e r s  a r e  presented i n  the  paper [7]. W e  present below some data . f rom 

the  paper [7] f o r  the  c l u s t e r  NGC 7790: 

R E ( B  - V I T  S 
( B  - V )  P 

m - M  

m m 
12.8 k 0.3 B 4  m 3600 01152 -0.18 

where 

( B  - V), is the  poin t  or. the  co lo r - s t e l l a r  magnitude diagram where 

the  main sequence of the s ta r  c l u s t e r  tu rns  t o  the  r i g h t ;  

S is the  s p e c t r a l  type of the  stars lying a t  the  point  ( B  - V I T  . 
P 

v ) T  The remaining notat ions are the  same a s  i n  Table 1. The turning point  ( B  - 

7 
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is determined as the  co lor  index (B  - VI, of t he  earliest  main sequence 

stars among the  c l u s t e r  members corrected f o r  reddening and expresses the  

evolutionary e f f e c t  i n  the  co lo r - s t e l l a r  magnitude diagram. 

From ( B  - V I T  and the  s p e c t r a l  class of t h e  stars lying a t  t he  point  

(B - V)  

region are s i t u a t e d  the  four  var iab le  stars CE C a s  CE C a s  CF C a s ,  and 

QX C a s .  

ec l ips ing  variable.  

and CE C a s  w e r e  blended s o  t h a t  it w a s  not possible  t o  determine t h e i r  in- 
b 

dividual brightnesses. 

t he  c l u s t e r  NGC 7790 appears t o  be r a t h e r  young. In t h i s  s a m e  T 

a' b'  
The first th ree  of them are Cepheids, and t h e  remaining one is an 

a 
On our photographs the  images of the  Cepheids CE C a s  

Therefore the  proper motion of s t a r  705 given i n  our 

catalogue cannot be considered 

I No. 

35 1 
372 
379 
3s4 
391 
394 
305 
396 
400 
4 02 
404 
405 
40ti 
412 
41 3 
420 
428 
429 
433 
435 
440 
445 
446 
459 
46 I 
464 
467 
471 
476 
48 1 
482 
483 
484 
489 
497 
38 1 
468 
505 

No.. 

21 
59 
54 
31  
55 
2 

12 
13 
56 
36 

1 
7 

11 
10 
5 

38 
50 
61 
48 
62 

112 
40 
91 
91 
90 
73 
74 
67 
69 
94 
97 
71 
88 
99 
85 

108 
68 

101 

I m 

15115 
15.1 
16.0 
13.6 
16.0 
12.6 
15.7 
15.6 
15.7 
14.6 
!).5 

15.4 
14.8 
11.5 
12.3 
16.0 
13.3 
15.5 
14.1 
14.3 
14.7 
14.4 
15.3 
15.3 
16.0 
13.6 
14.3 
14.7 
14.8 
15.1 
14.0 
11.0 
15.3 
14.0 
i4.9 
11.6 
11.8 
12.5 

r e l i ab le .  

TABLE 1 

B m 

15m11 
14.86 
15.42 
13.58 
15.54 
12.62 
15.26 
15.14 
15.32 
14.54 
9.49 

15.00 
14.52 
11.63 
12.34 
15.52 
13.24 
15.08 
14.03 
14.19 
14.39 
14.21 
14.85 
14.85 
14.78 
13.49 
14.18 
14.29 
14.50 
14.88 
13.88 
10.98 
15.01 
13.89 
14.57 
11.64 
11.86 
12.49 

E -  V 

Om52 
0.42 
0.73 
0.21 
0.54 
0.15 
0.58 
0.56 
0.53 
0.25 
0.16 
0.51 
0.37 
0.05 
0.14 
0.59 
0.25 
0.53 
0.22 
0.26 
0.46 
0.34 
0.55 
0.55 
0.33 
0.22 
0.25 
0.50 
0.40 
0.40 
0.28 
0.17 
0.46 
0.26 
0.49 
0.08 
0.15 
0.18 

clB 

U - B  

1 -  
2 -  + 

35 + 
M +  
7 -  

13 + 
3 +  
9 +  

18 + 
49 - 
21 

3; - 

- 

+0:001pl -0:0010 29 
-_ 
28 

15 + 
22 -+ 
30 - + 
32 + 
29 - 
00 - 
55 
13 + 
27 - 
33 - 
10 + 
4 -  
4 +  
6 +  

16 -- 
01 + 
14 - 
31 + 
16 - 
41 - 
i"61 

27 + 

2; - 

- 

- 

6 
33 
3 

27 
15 
1 9 
36 
22 
5 
2 
2 

49 
32 
4 
4 
9 

40 
16 
26 
34 
5 

13 
3 

16 
36 
33 
10 
28 
19 
15 
31 
1 

23 
35 
32 
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The Cepheid CE Cas and the eclipsing variable QX Cas (corresponding to 

stars 750 and 840 in our catalogue) were investigated by Sandage 1111. His 

period and amplitude of brightness variation for the Cepheid CF Cas were I 
, found to be the same as in an earlier paper [121. The amplitude of brightness 

1 
m variation in the V system amounts to 0.5 for the star QX Cas. The period of 

brightness variation cannot be determined from Sandage's observations. 

692 
724 
768 
81 1 
796 
784 
7d9 

Kraft [l3] presents spectral and photometric data for eight stars in the 

region of the cluster NGC 7790. On the basis of the data for CF Cas he con- 

siders it to be a cluster member. 

B 2 Ill-IV 
B 9 111 
B 5 IV 
B 9 IV 
B 8 IV 
E 5 IV 
B 7 IV 

We constructed the color-stellar magnitude diagram and the two-color dia- 

gram f r o m  the photometric data of Sandage Ell]. Based on the photometric in- 

dications, 35 stars, for which he constructed the vector diagram using their 
proper motions, appeared to be members of the cluster. As a result of the 

& 

selection 30 stars appeared to be 
cluster members; they are presented 

in Table 4 ,  where the numbers of the 

TABLE 2 
. .- -__ _____ 

p.x 1 PY 

m 
-3 .2  
-2.0 
-2.2 
- I  .o 
-1.7 
-2.2 
-1.8 

33s 
375 
377 

11?08 
12.59 
12.79 
13.54 
13.07 
12.67 
13.34 

39s 
399 
424 
436 
454 
493 
535 

15m4 
14.1 
14.1 
11.7 
11.7 
15.5 
14.9 
15.6 
13.8 
15.3 

-0:0015 
- 32 

24 
31 - 10 + 23 
18 + 14 - 06 - 37 

- - 

- 

-0.0002 
- 19 

16 + 22 + 10 - 14 + 38 - 14 
- 38 

00 

- 
stars according to Sandage's list [ll] 

are denoted by m is the photo- 

graphic stellar magnitude [l]; V is 

the photovisual stellar magnitude; 

( B  - V) and (U - B) are the color 

I 

indices [ll]; S is the spectral type 

[ll]; %(Sp) is the absolute stellar 

I I I 
P 

magnitude; and p,, py are the annual proper motions expressed in O!'OOOL. 

ing to the position of stars 750 and 840 on the [V, 

( B  - V)] diagrams, and particularly in the vector diagram, they appear to be 

Accord- 

( B  - V)] and [ ( U  - B ) ,  

; cluster members. 

Ms 

A 

0 
40 
95 
99 

- 

B 

I SP I xi * 
- 

m-M 

14m28 
14.59 
14.99 
14.54 
14.77 
14.89 
15.14 

€(B- V) 

Om51 - 
50 
51 
34 
46 
50 
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S t a r s  886, 232, 835, 847, and 889 appeared i n  the vector diagram beyond 

t h e  l i m i t  of t he  c i r c l e  having radius  r we assigned them t o  t h e  list of 

background stars. Based on proper motion and pos i t i on  i n  the  sky, t he re  are 

st i l l  s i x  stars which can be considered c l u s t e r  members, but on the color- 

s te l la r  magnitude diagram they deviated from the main sequence. W e  do not 

have avai lable  other  photometric data  besides t h a t  described above, s o  w e  

cannot ca t egor i ca l ly  s t a t e  t h a t  these stars belong t o  the c l u s t e r ;  they are 

given i n  Table 5. 

3'  

The c o l o r - s t e l l a r  magnitude diagram and the  two-color and vector diagrams 

based on t h e  proper motions of the s t a r s  of the c l u s t e r  NGC 7790 a r e  presented 

i n  Figures 4 ,  5, and 6 ,  respectively.  The r e l a t i v e  proper motion of t he  c lus t e r  

NGC 7790 w a s  obtained a s  the average of and p f o r  the individual  stars from 

Table 4. It w a s  found t o  be: 
X Y 

- - - 
L E  Number of stars 

WX pY 
m 

14110 -0!10008 -0!10004 . 3 0  

- +0!10007 +01'0006 

Here the probable e r r o r  is presented and is the average s t e l l a r  magnitude of 

t h e  c l u s t e r  members. 
c_- 

3 NU 

670 
69 1 
692 
699 
702 
724 
73 1 
736 
74 1 
744 
756 
757 
758 
759 
772 
768 
784 
789 
790 
796 
806 
811 
814 
831 
857 
800 
860 
750 
840 
813 

88 
86 
A 
87 
J 
D 
63 
62 
B 
61 
Q 
82 
24 
R 
E 
95 
99 
55 
40 
52 
0 

36 
H 
51 
U 

CF Cas 
QX Cas 
M 

X 

v 

- 
mI. 

15112 
14.3 
12.2 
13.9 
13.6 
12.8 
15.1 
13.6 
12.6 
15.0 
14.1 
15.0 
15.6 
15.6 
14.3 
13.0 
12.8 
13.6 
13.2 
13.2 
13.31 
13.7 
14.9 
13.9 
13.5 
15.1 
15.0 
12.0 
9.7 

13.6 

i i . 8  0.24-0.63 8 2  v 
13.68 0.37 --0,21 
13.30 0.4F +0.36 
12.68 0.31 B9 I11 

i5:32 0.421 
14.14 0.35-0.05 
12.78 0.36-0.07 B5 IV 
12.67 0.331-0.1I 85  IV 
13.34 0.40,+0.03 B7 1V 
13.061 0.341 +O .021 
i3107 0.26 -0.01 8 8  IV 
13.54 1 0.36 1 '  l B 9 I V  
13.13 0.33-0.04 

14.561 0.44) 0.00 
13.66 0 40 0 00 
13.131 0:471+0:42/ 

14.521 i4:82 0.581~0.24i oI40 -0.04 
11.14 1.24 0.87 GO 
10.41 0.28-0.63 E1 
13.321 0.381 I 

-3.2 

-2.0 

-2.2 
-2.2 
-1.8 

-1.7 

-1 .o 

-3.2 
-3.6 

6 
25 
22 

7 
1 

40 
15 
22 
14 
8 

19 
14 
10 
9 

21 
3 
9 

27 
29 
31 
16 
2 
8 
9 
8 

34 
24 
16 
47 

+O. 0013 
3 

17 
13 
23 
0 

17 
16 
14 
7 

26 
12 
13 
6 

11 
29 
19 
32 
23 
4 
8 
1 

48 
6 

13 
6 

39 
3 

17 
23 
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Cluster  NGC 2422. The d i f fuse  s te l lar  c l u s t e r  NGC 2422 (equator ia l  
h m  coordinates cy 1950.0 = 07 33.9, 61950.0 = -14O24') is s i t u a t e d  i n  the 

cons t e l l a t ion  Puppis. 

f o r  t he  stars i n  t h e  region of t h i s  c l u s t e r  is equal i n  x t o  ex = ?9!'0031 

and i n  y ,  E = f0!'0035, and the r a d i i  of t he  concentric c i r c l e s  on the  vec- 

t o r  diagram of the  proper motions corresponding t o  them have the  following 

values : 

The accuracy of t he  proper motions obtained by us 

Y 

r = 0!0069, r = o!lo098, r 0~0138 
1 2 3 =  

243 
767 
797 
838 
872 
890 

TABLE 5 

39 13m4 I 13m36 i 01116 -Or0046 
P 14.3 13.60 0.80 + 29 
L 13.8 13.23 0.72 4 13 

13.5 13.02 0.62 - 20 
2 G 

K 14.7 I 12.98 1 1.72 
14.8 13.17 1.66 $ 36 4 

P V  

/11 Photometric invest igat ions of t he  s t a r s  i n  the  region of the c l u s t e r  

NGC 2422 a r e  described i n  the  papers C14, 161. Zug [14] determined the  photo- 

graphic magnitudes and co lo r  indices f o r  43 stars i n  the c l u s t e r  and i ts  v i c i -  

n i t y  and f o r  32 s t a r s ,  individual color  excesses. Then based on them he ca r r i ed  

out a s e l e c t i o n  of c l u s t e r  members. It  turned out t h a t  one s t a r  whose s p e c t r a l  

c l a s s  was KO does not appear t o  be a c l u s t e r  member. For the remaining 31 stars, 

e ~ X C A S  

.-. .: . ... . .. 
. *  :. 

Figure 4 

Zug obtained the average value of the 

color  excess i n  the region of the sky 

occupied by the c l u s t e r .  

In order t o  apply the three-color 

photometry on the UBV system t o  stars 

of the southern sky Lynga [ l5]  deter-  

mined the q u a n t i t i e s  V ,  ( B  - V ) ,  and 

(U - B) of s tars  i n  f i v e  southern re- 

gions of t he  sky with d i f fuse  s tar  

c l u s t e r s ,  among which was NGC 2422, 

f o r  which he presents a s te l la r  map 

of t he  region and three-color photo- 

metry of 21 stars. The color  indices 

11 



w e r e  obtained by a photoe lec t r ic  method with t h e  60-inch Rockfeller r e f l e c t o r  

of t he  Ebyden Observatory i n  South A f r i c a .  

In t h e  paper [7] are described the  r e s u l t s  of a photometric inves t iga t ion  

of stars i n  106 d i f fuse  s t a r  c lus t e r s .  W e  present  below some data  from t h i s  

paper f o r  NGC 2422 : 

E (B - V I T  S 
(B  - V) P 

m - M  R 

480 O F 0 8  -0y18 B 4  m 8.4 ? Oy2 

According t o  C71, t he  i n t e r s t e l l a r  

absorption i n  the  region of t he  sky 

occupied by the  c l u s t e r  is constant 

and has the  following value: A = 0.24. 
m 

V 

In the  catalogue of the  Washington /12 
Observatory C161, three-color photometry 

is presented f o r  95 stars sca t t e red  over 

a large p a r t  of the  sky i n  the  c l u s t e r  

NGC 2422 and around it. It includes 

stars t o  magnitude 14.2 i n  the  V system. Therefore t o  s e l e c t  c l u s t e r  members 

from background s t a r s  according t o  the photometric c r i t e r i o n ,  w e  took the  three-  

co lor  photometry presented i n  [16]. O f  the  95, w e  measured 75 stars. According 

. I . . .-. . . . I  L . - 
"("O '-' 0 t u  

Figure 5. 
m 

'. 
a .  

.. . 
a .  

* . I  

.. .. 
.. 

. 0. bra0 

Figure 6. 
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b 

8-v t .-.. I ... . . . . , , , I . . , , . . . . . 
-a ' * Y O  

Figure 8. 

t o  the  two-color diagram and the  color- 

s te l la r  magnitude diagram constructed 

by us fo r  c l u s t e r  members, one can take 

53 stars; 20 stars deviated from the  

main sequence, and stars 266 and 270 

(according t o  our catalogue) w e r e  si- 

tua ted  i n  the  g ian t  region. The color- 

s te l la r  magnitude diagram and the  two- 

co lor  diagram are presented i n  Figures 

7 and 8, respect ively.  

The f i n a l  s e l e c t i o n  of c l u s t e r  members was ca r r i ed  out on the  bas i s  of the 

proper motions of 55 stars. In a l l ,  there  turned out t o  be 45 c l u s t e r  members. 

One of them ( s t a r  266) is a giant .  S t a r  270 w a s  s i t u a t e d  on the  vector diagram 

outs ide the  c i r c l e  of radius  r2 and w e  assigned it t o  t h e  background. The vec- 

t o r  diagram f o r  c l u s t e r  members of NGC 2422 is shown i n  Figure 9 ,  where stars 

266 and 270 a r e  denoted by crosses.  

A l ist  of t he  c l u s t e r  members is given i n  Table 6;   NO.^,  NO.^, and  NO.^ 
are the  star numbers from the  papers C21,[161, and [14], respect ively;  the  

remaining designations are t h e  s a m e  as  those used i n  s imi l a r  preceding tables .  

Figure 9. 

The r e l a t i v e  proper motion of t he  

c l u s t e r  w a s  obtained as  the  average of 

bx and p 

Table 6 :  

f o r  t he  individual  s t a r s  from 
Y 

- - - 
q x  I*Y Number of stars m 

llm3 -0 0025 -0.0025 45 
+ O b 0 3  &0:0003 

H e r e  and i n  the  regions of NGC 

1502 and NGC 7380 the  in t e rna l  probable 

e r r o r s  are presented. 

The inves t iga t ion  of the  proper 
m 

motions of 138 stars t o  the  12.1 photo- 

graphic magnitude i n  the  given region 

13 



is described in the paper [171. Three pairs of plates with a difference of 

epoch of around 60 years obtained with the 30-cm refractor (f = 5732 mm) of 
the Bonn Observatory served as the observational material in it. The average 

error of the proper motions of the stars was found to be aO!*OOl9 in x and 
@!lo024 in y, and 36 stars appeared to be cluster members, two of which the 
author assigns as doubtful cluster members. In addition, the absolute proper 

motion of the cluster was calculated in this paper based on the selected 

cluster members : = 0!r0024. 

Notwithstanding the fact that in our investigations one pair of plates 

with a smaller difference in epoch (42.1 years) than in the paper [l7] was 

used, the values of the absolute proper motion of the cluster in our paper 

and in El71 almost coincide: 

' = -0!l0096 
IJ.X 

= -0!'0008. ' wY Px = -0!'0064 

Cluster NGC 1502. The equatorial coordinates of the diffuse star cluster /14 
NGC 1502 are as follows: 

It is located in the constellation Camelopardus. The accuracy of the proper 

motions obtained for the stars in the region of the cluster is characterized 

by the probable errors: 

m The average photographic stellar magnitude of the cluster stars is m = 12.1. 

The radii of the concentric circle on the vector diagram of proper motions 

calculated on the basis of the probable errors are equal, respectively, to: 

I 

r = 0!10069, r2 = 0?0098, r = 020138. The photometric investigations in 

the region of the sky under discussion are presented in the papers C141 and 

C161. 

1 3 

Zug [14] determined the photographic magnitudes and color indices for 

50 stars. Using the spectral classification of Trumpler, he also determined 

the individual color excesses for 31 stars on the basis of which he carried out 

14 



TABLE 6 
_ -  

HI I -@wI-H,? I "I 1 V I B--V I - _ -  - 

1074 10y31 Om26 22 1 

;i: 1 5 1 37 1;:; 1 1 ~ : ~ ~  
271 56 12.8 12.40 0.52 
272 64 13.1 12.76 0.49 
274 11 21 10.5 10.58 0.06 
275 10 10.6 10.60 0.19 
284 15 11.1 10.98 0.30 

12.2 12.00 0.39 285 17 
291 52 12.6 12.12 0.60 
292 13 24 10.9 10.81 0.22 
297 48 34 11.7 11.64 0.22 
311 18 13.0 12.61 0.47 

9 26 10.5 10.52 0.11 320 
323 38 28 11.0 10.89 0.27 
325 23 10 8.5 8.62 0.06 
328 26 9 9.2 9.26 0.06 
334 65 43 13.2 12.79 0.50 
339 28 15 9.4 9.54 0.03 

13.6 12.99 0.70 340 70 
354 29 14 9.8 9.74 0.24 

12.9 12.53 0.53 368 60 
355 78 14.1 13.58 0.63 

6 18.7 8.83 0.02 370 
373 37 25 10.8 10.72 0.27 
377 42 32 10.6 11.37 0.42 
385 7 11 18.6 8.84 -0.04 
366 54 40 12.8 12.28 0.61 
392 53 42 12.6 12.16 0.54 
394 46 35 11.7 11.52 0.36 
402 57 41 12.9 12.40 0.59 
401 19 13.4 12.92 0.5T 
405 50 36 12.0 11.73 0.37 
410 33 23 10.2 10.15 0.22 
415 30 13 9.6 9.82 -0 02 
421 16 23 12.4 11.76 0.71 
423 39 11.3 11.16 0.33 
425 40 30 11.6 11.23 0.47 
446 22 5 7.7 7,95 -0.04 
460 44 31 11.6 11.44 0.31 
469 32 16 9.8 9.98 0.00 
476 58 13.0 12.45 0.69 
481 13.5 12 96 0 68 

266 9.0 7.99 1.12 
542 1 2; I 11.6 111381 0:38 

U-B I Px I Py I Sp 

Om16 -0:0024 -(0039 

0.03 + ?9" 1 1 $; 
0.08 - 41 - 16 
0.10 - 1 -  
0.08 + 35 - 
0.14 - 45 - 44 
0.17 - 36 + 28 
0.09 - 91 + 2 

22 0.04 - 91 - 
0.16 - 33 0 A2 

0.15 + 48 - 
0.13 - 47 - 35 AI 
0.23 - 28 - 

1 B8 

-0.14 - 23 - 10 B9 

- 

A 3  

- 53 + ;; 

+ E + 22 

19 - -0.09 
-0.13 - 

0.16 - 31 - 67 

0.23 - 26 + 16 
34 

0.13 + 4 - 48 
67 

-0.09 - 21 f 39 
63 

-0.15 - 86 f 18 B9 

0.21 - 22 - 
0.04 - 87 - 
0.27 - 17 - 
0.13 - 72 f 32 

0.11 - 84 - 64 
0.00 - 98 - 70 
0.11 - 8 + 11 
0.04 3- 7 - 23 
0.12 - 29 - 31 
0.06 - .  36 - 14 0 
0.06 - 40 - 69 A 2  

-0.13 - 47 - 38 B9 
0.17 3. 53 - 21 
0.08 - 5 -  9 
0.04 - 2 -  44 

-0.42 - 78 - 5 B8 
0.22 - 39 - 81 A5 
0.04 + 38 + 39 
0.30 - 35 - 71 

1.12 - 
+ 3 -  t::! I - 4 -  

a se lect ion of c luster members. 

appeared t o  be background s tars  based on the color excess.  

the average color excess i n  the region of the  sky occupied by the c luster  

NGC 1502 appeared t o  be equal t o  OY80. 

In a l l ,  three s tars  of  l a te  spectral c las s  

According t o  zug, 

Three-color UBV photometry of the s tars  i n  the region of the c luster  NGC 

1502 was carried out by A .  A .  Hoag, H .  L. Johnson, B. Iriarte ,  R .  I .  Mitchell, 

K. L. Hallam, and S. Sharpless. 

the catalogue of the Washington Observatory [16]. In th i s  catalogue there are 

contained i n  a l l  68 s tars  in  the region of the sky under discussion, scattered 

The resul ts  of t h e i r  work are presented i n  



over a r a t h e r  large area; seve ra l  s tars  within t h e  apparent boundaries of 

t h e  c l u s t e r  are not  covered by t h e  photometric invest igat ions.  

For various reasons 14 of the  68 stars w e r e  not  measured by us. Therefore 

se l ec t ion  of c l u s t e r  members based on the  c r i t e r i o n  of proper motion of t he  

stars w a s  ca r r i ed  out  by us f o r  only 54 stars which had accurate  three-color 

photometry on the  UBV system. In  the  paper C71 t h e  c l u s t e r  NGC 1502 w a s  inves- 

t i g a t e d  along with o ther  c lus t e r s .  Below some da ta  are presented f o r  t he  clus-  

t e r  NGC 1502 from t h i s  paper: 

m - M  R E ( B  - V I T  ( B  - V )  

m Oy77 -0.29 
m m 880 9.7 f 0.4 

S 
P 

B O  

(here the notat ions are the  s a m e  as i n  Tables 1 and 5 ) ;  as is evident ,  t he  

c l u s t e r  NGC 1502 appears t o  be very young based on ( B  - V) 
type Sp. 

order  of 5 x 10 years. 

and the  s p e c t r a l  

Hopmann C41 considers the maximum age of t h i s  c l u s t e r  t o  be of t he  
T 

6 

According t o  t h e  paper [7],  the  value of t he  i n s t e r s t e l l a r  absorption i n  

the  region of t he  sky occupied by the c l u s t e r  NGC 1502 va r i e s  within the  l i m i t s  

0!68-0?84. 

from background s ta rs ,  w e  invest igated the  d i s t r i b u t i o n  of co lor  excesses over 

regions of the  sky,  f o r  which the  three-color  UBV photometric da ta  presented 

i n  the  catalogue of t he  Washington Observatory C161 w a s  used. 

Therefore p r i o r  t o  carrying out t he  se l ec t ion  of c l u s t e r  members 

With the  a i d  of Johnson's nomogram C181 f o r  t he  quan t i t i e s  B - V and U - B, 

w e  found the co lor  excesses f o r  each s t a r .  One can apply t h i s  nomogram only 

t o  s t a r s  of t he  main sequence of spec t r a l  c l a s s  e a r l i e r  than AO. Meanwhile 

not a l l  the  stars measured by us had spec t r a l  da ta  avai lable .  Therefore a t  

first w e  s e l ec t ed  stars which w e r e  s u i t a b l e  on the  two-color diagram f o r  appl i -  

ca t ion  of Johnson's nomogram and then arranged the  individual  color  excesses 

obtained i n  the  system of coordinates measured by us over the  area of the  sky 

occupied by the  c lus t e r .  In order t o  lessen the  e f f e c t  of accidental  e r r o r s  

on the  determination of the  individual  color  excesses ,  t he  region of the  sky 

occupied by the  c l u s t e r  was divided i n t o  small s ec t ions ,  and i n  each sec t ion  

the average value of E 
- 

w a s  taken. 
( B  - V)' i.e., E ( B  - V)' 
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The f i n a l  r e s u l t s  are presented i n  Table 7 and i n  Figure 10, where x and y /16 
are the  average values of t he  rectangular  coordinates of t he  stars located i n  

t h e  given sec t ion  of t h e  sky ( they are expressed i n  minutes of arc and re fer red  

t o  t h e  point  having equa to r i a l  coordinates (y 1950.0 = 04 03.4, g1950.0 = +62"12'); 

E(B - V) 
Q is its probable e r ror .  

h m  
- 

is the  average value of t he  co lor  excess i n  the  given sec t ion ,  and 

Figure 10. Dis t r ibu t ion  of the  
co lor  excesses i n  the  region of 
the  c l u s t e r  NGC 1502. 

I. 

1. 

. .  . .. 
.a*' 

2. 

~~ 

-a1 aa 402 18-v)~ 

Figure 11. 

W e  ca lcu la ted  the  probable e r r o r  on the  bas i s  of the  deviat ions of the  

values from t h e  average value of the  co lor  excesses f o r  

In Figure 10 each sec t ion  
( B  - V) individual  E 

the  stars s i t u a t e d  i n  the  corresponding sect ion.  

TABLE 7 

_ _ _ _ - -  ~ 

3 -2.3 
4 +0.1 
5 -0.3 
5 +0.7 
5 +1.0 
4 +2.8 . 4 +3.8 

Y 
~ __  

+ l : 5  
-1-2.1 

.-0.4 
-4.5 
+0 .5  
4-0.8 
-2.3 

Om75 
0.77 
0.80 
0.80 
0.69 
0.74 
0.76 

I 

*om02 
*0.01 
*0.01 
*0.02 
*0.01 
*0.02 
*0.01 



is surrounded by a circle whose center corresponds to the average values of 

the rectangular coordinates of the stars of each section. The number of the 

A s  section is inscribed in the circle, and under it, the value of E 

is evident from Figure 10 and Table 7 ,  although the investigated region of 

the sky is small (of the order of lo’), the distribution of absorbing mate- 

rial situated between the sun and the cluster NGC 1502 is rather nonuniform, 

- 
( B  - V ) ’  

The selection of cluster stars was carried out by the investigators using 

approximations. At first the cluster members were selected from the color- 

stellar magnitude diagram. Thereupon the diagram was constructed after cor- 

rection of the V and B - V values for each star for interstellar reddening 
and total light absorption. The [Vo, ( B  - V)o]  diagram for the stars finally 

selected as members of the cluster under investigation is given in Figure 11. 

Figure 12. 

On the initially constructed 

[Vo, ( B  - V ) o ]  diagram 40 stars were 
situated along the main sequence. In 

order to consider them as cluster mem- 

bers with assurance according to the 

photometric criterion, we carried out 

an additional selection of cluster 

members from the background stars on 

the basis of their individual color 

excesses. Thereupon the stars 161, 

164, 152, and 180 of our catalogue 

turned out to be background stars; 

one can assign the remaining 36 stars 
to cluster membership with assurance 

on the basis of the photometric cri- 

terion. 

The final selection of cluster 

members among the 36 stars was carried out on the basis of their proper motions. 
A s  a result, 35 stars turned out to be cluster members. The vector diagram for 

the cluster members is presented in Figure 12, and a list of them is given in 

Table 8, in which No. No. and No. denote the numbers of the stars from the I’ 2’ W 



I 

7.58 
7.24 
7.14 
7.46 

10.76 
10.30 
10.31 
11.02 
8.29 

11.10 
11.11 
11.19 
9.37 

10.52 
6.55 
8.33 

10.74 
8.51 
9.00 
8.25 
7.48 
7.36 
9.43 

10.60 
9.25 

10.09 
10.08 
8.66 
8.62 
8.93 

10.25 
10.96 
9.11 
9.79 

11.62 

papers [31,[14], and C161, respectively; m 

tude in the international system [l]; Vo and (B - V)o are the stellar magni- 

tude and the color index corrected for reddening and total light absorption 

C161; E 

expressed in 0!'0001 C31; and S 
to Trumpler. 

is the photographic stellar magni- I 

is the color excess; pX and p are the annual proper motion 

is the spectral type of the star according 
Y (B - V) 

P 

- 

-0.23 
-0.24 
-0.27 
-0.24 

-0.11 
-0.10 
-0.16 
-0.05 
-0.19 
-0.03 
-0.05 
-0.05 
-0.15 
-0.04 
-0.22 
-0.22 
-0.07 
-0.13 
-0.15 
-0.21 
-0.26 
-0.23 
-0.13 
-0.09 
-0.18 
-0.02 
-0.11 
-0.18 
-0.20 
--0.17 
-0.09 
-0.06 
-0.17 
-0.08 

0.00 

The relative proper motion of the cluster NGC 1502 was obtained as the 

average of and p of the individual stars (Table 8 ) ;  it turned out to be 

equal to : 
X Y 

- 
m 

12111 +0!'0001 

+o !to003 

+0!0009 

+O YO003 

where iii is the average stellar magnitude of the cluster members. 

Number of stars /18 

- -- 
N S  
-1- 

219 
161 
147 
156 
186 
171 
191 
158 
152 
178 
212 
217 
202 
197 
1 64 
159 
149 
I81 
204 
168 
195 
208 
196 
I85 
167 
182 
132 
137 
165 
142 
157 
194 
151 
172 
133 

~ 

N9 z -_ 

t; 
7 

10 

37 
33 
2ti 

13 
44 
42 
46 
20 
36 
9 

14 

17 

25 
6 

11 
23 
32 
18 
28 
30 
16 
15 
19 
27 
43 
22 
29 

- 
At' w 

3 
5 
6 
7 

57 
47 
19 
16 
53 
10 
52 
50 
23 
14 
43 
27 

8 
41 
31 
34 
33 
28 
29 
35 
40 
35 

38 
32 
9 

13 
17 
49 
12 
37 

15. 

I l l  
- I 

9.8 
10.0. 
10.1 
10.2 
14.4 
13.9 
13.4 
12.9 
14.2 
11.2 
14.0 
14.0 
14.2 
12.1 
13.6 
9.6 

10.9 
13.2 
11.2 
11.6 
11.4 
9.7 

10.2 
11.9 
13.2 
11.5 
12.8 
13.1 
11.2 
11.1 
11.9 
13.1 
14.0 
11.8 
12.8 

€(B- V )  
~ - 

+0.66 
+0.79 
+O. 84 
+0.78 
+0.71 
+0.84 
+O. 82 
+0.71 
t 0 . 8 3  
+0.81 
+0.76 
+0.75 
+0.79 
+0.74 
+0.80 

+O. 72 
$0.67 
+0.74 
+0.71 
+0.87 
+O.ti6 
t 0 . 7 9  
+0.69 
$0.71 
+0.65 
+0.72 
+0.82 
t 0 . 7 2  
+0.70 
+0.82 
+0.76 
+0.80 
+0.75 
+0.81 

+0.85 

BX 

+0.0005 
9 
3 

14 
33 
78 
19 
27 
40 

2 
35 
30 
33 
7 

44 
66 
19 
71 
3 

83 
65 
15 
11 
74 
27 
22 
33 
32 
19 
32 
6 

34 
7 

13 
18 

35 

+O. 00 14 
41 
31 
36 
40 
49 
19 
53 
5 

78 
13 
8 
3 

58 
52 
11 
9 

I2 
9 

32 
65 
17 
49 
52 
38 
54 
52 
5 

14 
7 

11 
3 

20 
17 
34 

B5 
B3 
B 3  

B8 

B5  

A0 
B3 
B4 

B8 

8 7  
B 2  
B3 
B8 

B6 
B9 
B2 
B8 
B2 



Hopmann C41 determined the  proper motions of 146 stars t o  the 13% photo- 

graphic magnitude i n  the  c l u s t e r  NGC 1502 and its surroundings. As observa- 

t i o n a l  material he used the  following: first epoch, f i v e  p l a t e s  obtained a t  

t h e  Washington Observatory i n  1906; second epoch, two photographs taken with 

t h e  normal astrograph a t  Vienna, and four  photographs taken i n  1955 with t h e  

10-cm r e f r a c t o r  of t h e  McCormick Observatory. 

H e  found the average e r r o r  of the proper motions of t h e  stars t o  be of 

t he  order of _+O!lOO4 i n  x and _+O!'OO5 i n  y. According t o  Hopmann, 25 stars 

appeared t o  be c l u s t e r  members, of which he considers the c l u s t e r  membership 

of 6 stars t o  be doubtful. For the  remaining 19 d e f i n i t e  c l u s t e r  members 

the  following was obtained: 

= +0!'0100. 
pY 

px = +0!'0011 

h m  
= 22 44.9, /19 1950.0 Cluster  NGC 7380. The d i f fuse  s ta r  c l u s t e r  NGC 7380 (CY 

= +57"52') is located i n  the cons t e l l a t ion  Cepheus. The probable ' 1950.0 
e r r o r s  of the proper motions of the stars i n  t h i s  region w e r e  found t o  be 

the same as i n  the case of the  c l u s t e r  NGC 1502, i.e., E = +O!'OO3l, E = 

*0!'0035. The r a d i i  of t he  concentric c i r c l e s  on the  vector  diagram of t h e  

proper motions are equal ,  r e spec t ive ly ,  t o :  

r3 = 0!~0138. 

X Y 

r = 0!'0069, r2 = 0!'0098, 1 

The proper motions of the stars i n  t h i s  region w e r e  determined by L i  Hen 

[5]. For t h i s  he used one p a i r  of p l a t e s  with a difference i n  epoch of 16 

years. According t o  the  d i s t r i b u t i o n  o f  t he  s ta r  densi ty  i n  the region of 

the sky occupied by the c l u s t e r ,  L i  Hen estimated the  apparent angular s i z e  

of the c l u s t e r  NGC 7380 and ca r r i ed  out a s e l e c t i o n  of c l u s t e r  members. In 

order t o  i s o l a t e  t he  c l u s t e r  from the background s t a r s  he applied Ebbighausen's 

method [6] and took as the value of the radius  of the circle i n  the vector dia-  

gram 

- - 
where ~1 and p are the averages of the proper motions of the stars located 

within the  apparent boundaries of the c l u s t e r .  To the  f i r s t  approximation 

t h i s  is the proper motion of the c lus t e r .  

X Y 

L i  Hen did not give a list of c l u s t e r  members. W e  present below some 

data  from t h i s  paper: 
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- 
r m Angular 

diameter px clY 
Number of c l u s t e r  

s t a r s  

54 +0c0009 +o ~0015 o ~ ' o i  27 13112 9 '  

In  the  catalogue [16] f o r  the  stars i n  the region of the  c l u s t e r  NGC 7380 

are given the  r e s u l t s  of three-color  photometry of 132 s t a r s  t o  the  16th photo- 

v i sua l  s te l la r  magnitude, of which w e  measured 58 stars; the  remaining 74 stars 

w e r e  not contained on our photographs. In the  paper [7], as was mentioned 

above, the  UBV photometry of 106 d i f fuse  star c l u s t e r s  w a s  investigated.  W e  

present  some data  from t h i s  paper f o r  t he  c l u s t e r  NGC 7380: 

R E 
( B  - V )  

m - M  

16116 f 0.3 2100 01158 m 

(B  - V ) T  

m -0.30 

S 
P 

09 

According t o  ( B  - V ) T  and the  spec t r a l  type S 

7380 t o  the category of the very young, with an age c lose  t o  10 years. AC- 

cording t o  the  paper [7] ,  the  value of the  i n t e r s t e l l a r  absorption i n  the  area 

of the  sky occupied by t h i s  c l u s t e r  var ies  within the  l i m i t s  of 0.50 t o  0.78. 
Therefore, p r i o r  t o  carrying out a se l ec t ion  of c l u s t e r  members from background 

s t a r s ,  we inves t iga ted ,  as  i n  the  case of NGC 1502, t he  d i s t r i b u t i o n  of color  

excesses over the  sec t ions  of t he  sky occupied by the  c lus t e r .  The r e s u l t s  are 

presented i n  Table 9 and i n  Figure 13, where the notat ions are the  same as  i n  

Table 7. Then the s te l la r  magnitudes V and co lor  indices  B - V of each s t a r  

were corrected f o r  t he  reddening and t o t a l  l i g h t  absorption corresponding t o  

the  s t a r .  

one can assign the  c l u s t e r  NGC 
6 P 

m m 

The co lo r - s t e l l a r  magnitude diagram [ V  ( B  - V )  1 based on corrected va- 
0'  0 

lues  of V and B - V f o r  the  stars which a re  d e f i n i t e  c l u s t e r  members is pre- 

sented i n  Figure 14. Basing our work on a s i m i l a r  diagram f o r  a l l  s t a r s  having 

UBV photometry and proper motions as  w e l l  as on the  individual  co lor  excesses,  

w e  ca r r i ed  out the  se l ec t ion  of c l u s t e r  members. Thir ty  stars w e r e  located on 

the  main sequence of t h i s  [ V  ( B  - V )  ] diagram. According t o  the  co lor  

excesses,  they a l s o  belong t o  the  c lus t e r .  

/20 
0' 0 

Selec t ion  of c l u s t e r  members by Ebbighausen's method showed t h a t  s t a r s  453, 
454, 488, 495, and 509 can be taken as background stars, s ince  they a re  located 

on the  vector  diagram outs ide the  circle of radius  r 

25 stars can be considered t o  be d e f i n i t e  c l u s t e r  members. The locat ion of 

= 2 6 .  The remaining 
3 
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t h e  c l u s t e r  members i n  t h e  vector diagram is shown i n  Figure 15. A list of 

these stars is given i n  Table 10, where the  numbers of t h e  stars according 

t o  the  catalogue [16] are presented i n  the  graph as  NO.^. 
notat ions are the  s a m e  as i n  Table 8. 

The remaining 

Y '  

TABLE 9 

- 
E(B-V) 

c 
0 
.rl 0 - P o  
0 %  
a, 
u1 
__ 

1 
2 
3 
4 
5 
6 
7 

m 
k 

k l d  
a , +  
P V I  E 
2 2 x' 

-4.0 
-1.7 
+0,1 
+3.0 

$0.9 
-3.0 

-3.3 

0?64 
0.59 
0.57 
0.63 

0.62 
0.60 

0.76 

2 
5 
4 
4 
7 
7 
2 

C 

~~~ .- 

*Om04 
10.02  
k0.03 
10.02  
10 .02  
1 0 . 0 3  
r0.02 

-Y.9 
-4.2 
-1.4 
-0.4 
+0.4 
+2.3 
+2.7 

S t a r s  453 and 454, which are located within the  apparent boundaries of 

the c l u s t e r ,  appear t o  be components of a binary. 

data and the s p e c t r a l  c l a s s  ( 0 6 )  one can take them t o  be c l u s t e r  members. 

However, the proper motions of the s t a r s  deviate  s i g n i f i c a n t l y  from the 

proper motion of t h e  c l u s t e r .  

s e l e c t i o n  of c l u s t e r  members according t o  the proper motions of the stars, 

Based on the photometric 

Therefore, according t o  the  c r i t e r i o n  f o r  

Figure 13. Distr ibut ion of color  
excesses i n  the region of the 
c l u s t e r  NGC 7308 [s ic] .  

Figure 14. 
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stars 454 and 453 cannot belong t o  t h e  c lus t e r .  

on these  stars : 

Below w e  present  some da ta  

PX pY 
m I No. 

453 9?3 +0!10163 -0 !I055 1 

454 7119 +o !f0126 -0?0696 

As always, t he  r e l a t i v e  proper motion of the c l u s t e r  NGC 7380 was found /21 
as the  average of a l l  the  p and IJ. of t he  individual  c l u s t e r  members, i.e. 

t he  stars included i n  Table 10: 
X Y 

- - - 
Number of stars 

PX PY 
m 

+0!10021 -0?0018 

+o .0003 +o .0003 

25 

Absolute proper motions and.tangentSa1 velocities-of the  c lus t e r s .  

The r e l a t i v e  proper motions obtained above for t he  c l u s t e r s  NGC 7788, 

.. - . . - - 

NGC 7790, NGC 2422, NGC 1502, and NGC 7380 were converted i n t o  absolute  values 

by a s t a t i s t i c a l  method. Using the  well-known dis tances  and r a d i a l  ve loc i t i e s  

( f o r  t he  c l u s t e r s  NGC 1502 and NGC 7380) of the  c l u s t e r  under discussion w e  

ca lcu la ted  from the  equations 

x a s i n a - y   COS^ , 

r; = kr 0.- + Px, 
cos a sin '6 + y s i n  a sin 6 + zo COS 6 , -+ PL,, 0 

P, = kr 

v, = v; + V 0 c o s h  

the  cor rec t ions  of the  absolute  proper motions and r a d i a l  v e l o c i t i e s  of the  

c l u s t e r s  f o r  t he  motion of t he  sun i n  space. H e r e  x 0' y o  ' 2 0  a re  the  pro- 

j ec t ions  of the  ve loc i ty  of the  sun on the  coordinate axes x ,  y ,  z ,  respec t i -  

ve ly ,  where the  X-axis is d i rec ted  towards the  point  of the vernal equinox, 

t he  Y-axis l ies  i n  the  plane of t he  equator 90 degrees away i n  t.he d i r ec t ion  

of increasing r i g h t  ascension, and the  Z-axis is d i rec ted  towards the  North 

Pole;  a, 6 a re  the  equa to r i a l  coordinates of the  c l u s t e r ;  r is the  dis tance 

are the  pecul ia r  motions of the  t o  the c l u s t e r  i n  parsecs;  k = 4.738; p x '  py 



clusters; V- is the radial velocity; 

+ + + + + + + + + 
f 

+ 
+ + + 
+ 
+ 
+ 

- 
- 

- 
- 
- - 

1 

VL is the peculiar radial velocity; /22 
V cos A is the parallactic part of 

the radial velocity V and 1 is the 
angular distance of the clusters from 

the apex. 

0 

ri 

Figure 15. 

Thereupon the standard coordinates 

of the apex and velocity of the sun were 

taken (A = 270°, D = +30°, Vo= 19.5 km/ 

sec), and the radial velocities of the 

clusters NGC 1502 and NGC 7380 were 

taken from the paper [lg]. The tangen- 

tial velocities were calculated from 

the equation 

V, = 4.738 p - r ,  

TABLE 10 

L 
319 
450 
525 
358 
398 
527 
374 
474 
437 
357 
380 
397 
472 
392 
4% 
409 
493 
526 
492 
489 
480 
402 
417 
449 
442 

-- eW_ - 
72 
77 
I6 
68 
3s 
32 
41 
64 
63 
25 
15 
67 
37 
12 
40 

8 
43 
4 

59 
9 

54 
44 
22 
23 
13 

L L  
14m5 
14.8 
13.7 
14.4 
12.0 
10.9 
12.3 
14.2 
14.2 
15.0 
13.4 
14.4 
12.0 
12.4 
12.1 
10.8 
12.3 
10.4 
14.1 
10.9 
13.8 
12.4 
14.6 
14.7 
13.2 

vo 

121131 
12.42 
10.84 
11.54 
10.16 
8.39 
9.97 

11.80 
11.77 
13.27 
11.50 
11.94 
9.79 

10.60 
10.28 
9.08 

10.35 
8.49 

11.14 
8.85 

11.23 
10.59 
12.07 
12.49 
10.58 

(B- V)o ___ .. 
m 

-0 .15 
-0.10 
-0.13 
-0.24 
-0.26 
-0.30 
-0.29 
-0.15 
-0.19 
$0.03 
-0.16 
-0.10 
-0.27 
-0.18 
-0.23 
-0.26 
-0.17 
-0.14 
-.0.14 
-0.25 
-0.19 
-0.22 
-0.08 
-0.06 
-0.10 

Om62 
0.64 
0.78 
0.81 
0.57 
0.73 
0.63 
0.68 
0.69 
0.47 
0.54 
0.67 
0.65 
0.53 
0.56 
0.53 
0.57 
0.54 
0.82 
0.61 
0.72 
0.54 
0.67 
0.61 
0.71 

-0.0056 I "  + 62 
3 1  
7 

32 
29 
2 

64 
64 
25 
4 

42 
17 
36 
12 
1 

51 
44 

6 
50 
12 
15 
36 
30 
19 

PY 

-0. 0006 
46 ~- 
30 
72 
16 
17 
12 
49 
14 
2 

28 
43 
73 
14 
50 
32 
14 
70 
62 
28 
4 

49 
76 
61 
41 

24 



where p is the total peculiar proper motion of the cluster expressed in 

seconds of arc. The results obtained are preser-f.ed in Table 11, where 

are the components of the absolute annual proper motion of the U x '  wy 

UP 
cluster; Fxp' Fyp are the same corrected for the motion of the sun; 

is the total amount of the peculiar prope; >tion; Q is the position angle 

of the peculiar motion calculated from north towards east; V Vr, V are 

the tangential, radial, and space peculiar velocities expressed in kilo- 

meters per second. 

t' 

-16 
-24 

TABLE 11 

16 
48 

2410 
3600 
480 
880 

2100 

Q 

40 
56 
9 
4 

42 

219" 
226 
157 
42 

257 

NGC7/88 -0. 0015 
NGC7790 -0.0014 
NGC2422 -0.0064 

NGC7380 +0.0005 
NGC 1502 +0.0018 

4 I 
-0. 0022 -0. 0030 -0. 0018 
-0.0025 -0.0024 -0.0022 0.0033 
-0.0008 -0.0034 +0.0017 0.0038 

-0.0041 -0.0011 -0.0041 0.0042 

0. 0035 

-0.0033 +0.0002 +0.0009 0.0009 
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